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(57) ABSTRACT 

An apparatus for generating a high quality image from a 
digital video signal includes a System for gamma correcting 
the digital Video signal with a digital look up table and for 
converting the resultant digital Signal to an analog video 
Signal. Another circuit generates a triangular wave reference 
pattern Signal and a comparator compares the analog video 
Signal with the triangular wave reference pattern Signal to 
form a pulse-width-modulated Signal. A raster Scanning print 
engine producing, for example, a laser beam, Scans over a 
recording medium in accordance with the pulse-width 
modulated Signal, thereby forming an image of high quality 
on the recording medium of a print engine. This apparatus 
can also be used with an analog video Signal by first 
converting the analog video signal to a digital Video signal 
with an analog to digital converter. 

125 Claims, 13 Drawing Sheets 
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APPARATUS FOR GENERATING AN IMAGE 
FROMA DIGITAL VIDEO SIGNAL 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a reissue of U.S. Pat. No. 4,800,442, 
which issued on application Ser: No. 51,154, filed May 18, 
1987, which is a continuation of application Ser. No. 931, 
941 filed 11/19/86, now abandoned, which was a continu 
ation of application Ser. No. 765,938 filed 8/15/85, now 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus for gener 

ating an image from a digital Video input signal. The 
apparatus is improved So as to reproduce an image with high 
quality. 

2. Description of the Prior Art 
In the past, methods generally referred to as the dither 

method and the density pattern method have been proposed 
for reproducing images of half tones. These known methods, 
however, cannot provide Satisfactory gradation of dot size 
when the size of the threshold dot matrix is Small and, 
therefore, require the use of a threshold matrix having a 
larger size. This is turn reduces the resolution and undesir 
ably allows the texture of the image to appear too distinctive 
due to the periodic structure of the matrix. Therefore, 
deterioration of the quality of the output image results. 

In order to mitigate the above described problems, it has 
been proposed to modify the dither method so as to allow 
finer control of the dot size by the use of a plurality of dither 
matrices. This method, however, requires a complicated 
circuit arrangement for obtaining Synchronism of operation 
between the dither matrices So that the System as a whole is 
large in size, complicated in construction, and slow. Thus, 
there is a practical limit in the incremental increase of dot 
Size and the resultant increment of density available by the 
use of a plurality of dither matrices. In U.S. Pat. No. 
3,916,096, a method of improving the conventional screen 
ing process is described. As set forth in this U.S. Pat. No. 
3,916,096, at column 8, lines 19 through 31: 

The conventional Screening process when applied to a 
Scanned image can be regarded as a form of pulse 
width-modulation whereby a line of length X is laid 
down and repeated at intervals of Y. The percentage 
transmission (or reflection) of the reproduced image is 
then Y-X/Ysic. should read (Y-X)/Y). To be a linear 
process (Y-X) must be directly proportional to the 
amplitude of the Scanned video signal where the Signal 
amplitude represents the percentage optical transmis 
Sion of the recorded original image. A way of achieving 
this is by comparing the amplitude of the Video signal 
with a Sawtooth wave form and laying a line forming a 
portion of a dot whenever the Sawtooth is larger than 
the Video signal. 

See also U.S. Pat. No. 4,040,094, which relates to similar 
Subject matter. 

However, even if the method described in this patent is 
used in an apparatus for reproduction of an image, the 
precision of gradation reproduction deteriorates due to the 
delay of response of the apparatus. 

The conventional method described in U.S. Pat. No. 
3,916,096, produces a linear mapping from the analog video 
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2 
Signal to the pulse-width-modulated Signal. AS is known in 
the art of printing, this linear mapping does not produce 
acceptable results because of the non-linear distortions intro 
duced in the half-tone printing process, in particular when 
used with a laser beam print engine. Therefore, to obtain 
high quality half-tone printing, a method of non-linear 
mapping must be found. And, the method disclosed in the 
noted U.S. Patent, as quoted above, uses a complex arrange 
ment to allow the use of different Sawtooth waveforms on 
Successive Scans. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide an image processing apparatus, for generating an 
image from a digital Video signal, that can overcome the 
problems of the prior art described above. 

Another object of the present invention is to provide an 
image processing apparatus, for generating an image from a 
digital video signal, that permits reproduction of images 
with high quality. 

Still another object of the present invention is to provide 
an image processing apparatus, for generating an image 
from a digital Video signal, that can provide, with a very 
Simple arrangement, a Superior quality half-tone image. 

Another object of the present invention is to provide an 
image processing apparatus, for generating an image from a 
digital video signal, that permits reproduction of images 
with high quality at high Speed. 
A further object of the present invention is to provide an 

image processing apparatus, for generating an image from a 
digital video signal, that can reproduce tone information 
with a high gradation and without impairing resolution. 

Still another object of the present invention is to provide 
an image processing apparatus that can correct the tonal 
properties of the Video image by providing a non-linear 
mapping of the Video signal onto a pulse-width-modulated 
Signal with a very flexible arrangement. 

In accordance with a preferred embodiment, the image 
processing apparatus of the present invention processes a 
digital image input signal and includes a raster Scanning 
print engine for generating a Series of Successive Scanning 
lines. A pulse-width-modulated Signal generator generates a 
pulse-width-modulated Signal from a digital image input 
Signal input to the apparatus. A circuit then applies the 
pulse-width-modulated Signal to the print engine to cause it 
to generate each line as a Succession of line Segments. The 
lengths of the line Segments are controlled to produce a 
variable density line Screen from the line Segments with the 
line Screen comprising a plurality of columns of the line 
Segments. 

In accordance with another aspect of a preferred embodi 
ment of the present invention, the image processing appa 
ratus includes a pattern Signal generator for generating a 
pattern Signal of predetermined period. A pulse-width 
modulated Signal generator then generates a pulse-width 
modulated Signal in accordance with the Video signal and the 
pattern Signal that can be utilized by a raster Scanning print 
engine or image forming device to form an image. 
More Specifically, the print engine Scans lines on a record 

ing medium with a beam in accordance with the pulse 
width-modulated Signal, and a Synchronizing Signal genera 
tor generates a Synchronizing Signal for each line Scanned on 
the recording medium. The pattern Signal generator gener 
ates the pattern Signal of predetermined period in accordance 
with the Synchronizing Signal. 
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In accordance with Still another aspect of the invention, 
the digital input Signal has a characteristic, and a character 
istic converting device converts the characteristic in order to 
produce a converted digital Video Signal. This signal is 
converted to an analog video signal by a digital to analog 
converter. A pulse-width-modulated Signal is thereafter gen 
erated from this analog video signal and the pattern Signal. 

Other aspects, features, and advantages of the present 
invention will become apparent from the following detailed 
description of the preferred embodiments taken in conjunc 
tion with the accompanying drawing, as well as from the 
concluding claims. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a simplified schematic illustration of a preferred 
embodiment of the apparatus for generating an image from 
a digital Video signal in accordance with the present inven 
tion; 

FIG. 2 shows waveforms of signals obtained at different 
portions of the apparatus for generating an image from a 
digital video signal shown in FIG. 1. 

FIG. 3 shows how FIGS. 3A and 3B are assembled 
together to illustrate details of the embodiment of the 
apparatus for generating an image from a digital Video signal 
shown in FIG. 1; 

FIG. 4 is a Schematic illustration of an optical Scanning 
System in a laser beam printer to which the invention is 
applicable; 

FIG. 5 shows waveforms of signals obtained at different 
portions of the circuit shown in FIGS. 3A and 3B; 

FIG. 6 is an illustration of triangular wave signals formed 
in the circuit shown in FIGS. 3A and 3B; 

FIGS. 7(a) to 7(c) are illustrations of how triangular wave 
Signals may be adjusted in the embodiment of the invention; 

FIG. 8 is an illustration of a look-up table of a gamma 
converting ROM 12; 

FIG. 9 is a diagram showing the relationship between 
input video signals and converted Video signals, 

FIGS. 10(a) and 10(b) illustrate the relationship between 
the Scanning lines and the conversion table as used; 

FIG. 11 is a circuit diagram of a circuit for causing phase 
shift of triangular wave Signals between lines, 

FIG. 12 is an illustration of triangular wave signals 
appearing in respective lines at different phases, and 

FIG. 13 is an illustration of another embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the invention will be 
described in detail herein with reference to the accompany 
ing drawing. 

Referring first to FIG. 1 schematically showing an 
embodiment of the invention, a digital data output device 1 
is adapted to receive an analog video data from a CCD 
Sensor or a video camera (neither of which is shown) and to 
perform an A/D (analog-to-digital) conversion of the analog 
Video signal So as to convert that Signal into a digital Video 
Signal, where each picture element (pixel) is represented by 
a predetermined number of bits carrying tone information. 
The digital Video Signal may be temporarily Stored in a 
memory or, alternatively, may be Supplied from an external 
device by, for example, telecommunication. The Signal from 
the digital data output device 1 is used as the address for a 
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4 
digital look-up table for gamma correction 9. The resultant 
output, which in the preferred embodiment is an eight (8) bit 
digital number ranging from OOH to FFH representing 256 
possible tonal gradation levels as described further below, is 
converted back into an analog signal by means of a D/A 
(digital to analog) converter 2 So as to form an analog signal 
which is updated for each picture element. The analog video 
Signal representing the picture elements is fed to one of the 
input terminals of a comparator circuit 4. Simultaneously, 
analog reference pattern Signals having a triangular wave 
form are produced by a pattern Signal generator 3 at a period 
corresponding to the desired pitch of the half-tone Screen. 
The pattern signals (a triangle wave) are fed to the other 
input terminal of the comparator circuit 4. Meanwhile a 
horizontal Synchronizing Signal generating circuit 5 gener 
ates horizontal Synchronizing Signals for respective lines, 
while an oscillator (reference clock generating circuit) 6 
generates reference clocks. In Synchronism with the hori 
Zontal Synchronizing Signal, a timing Signal generating 
circuit 7 counts down the reference clocks, to, for example, 
/4 period. The Signal derived from the timing Signal gener 
ating circuit 7 is used as the clock for the transfer of the 
digital video Signal and also as the latch timing Signal for the 
D/A converter 2. 

In the embodiment described, Since the apparatus is 
intended for use in a laser beam printer, the horizontal 
Synchronizing signal corresponds to a beam detect (BD) 
Signal which is known per Se. The comparator circuit 4 
compares the level of the analog video signal with the level 
of the pattern signal of triangular waveform and produces a 
pulse-width-modulated Signal. The pulse-width-modulated 
signal is Supplied to, for example, the laser modulator circuit 
of a raster Scanning print engine 8 for modulating the laser 
beam. As a result, the laser beam is turned on and off in 
accordance with the pulse width thereby forming a half-tone 
image on the recording medium of the raster Scanning print 
engine 8. 
FIG.2 shows the waveforms of signals obtained in certain 

components of the apparatus shown in FIG. 1. More 
Specifically, the portion (a) of FIG. 2 diagrammatically 
shows the reference clocks generated by the oscillator 6, 
while the portion (b) shows the horizontal Synchronizing 
Signal mentioned above. The portion (c) shows the pixel 
clocks which are produced by counting down the reference 
clocks with the timing Signal generating circuit 7. More 
specifically, the pixel clock shown in the portion (c) of FIG. 
2 is the Signal which is obtained by counting down the 
reference clockS into 74 period by the operation of the timing 
Signal generating circuit 7 in Synchronism with the horizon 
tal Synchronizing Signal. The pixel clock thus obtained is 
delivered to the D/A converter 2 to be used as the digital 
video signal transfer clock. The portion (d) of FIG. 2 shows 
the pattern signal Synchronizing clock (Screen clock) which 
is obtained by counting down the reference clock into 1/12 
period by operation of the timing Signal generating circuit 7 
in Synchronism with the horizontal Synchronizing Signal. In 
the illustrated case, one pattern Signal Synchronizing clock is 
generated for every three pixel clockS. The pattern Signal 
Synchronizing or Screen clock thus obtained is delivered to 
the pattern signal generator 3 to be used as the Synchronizing 
Signal in the generation of the pattern signal. The portion (e) 
of FIG.2 shows the digital video signal which is output from 
the digital data output device 1. And the portion (f) shows 
the analog video signal after the D/A conversion conducted 
by the D/A converter 2. It will be seen from the portions of 
FIG. 2 that picture element data of analog level are produced 
in synchronism with the pixel clocks. It will also be seen that 
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the density of image becomes higher, i.e., approaches black, 
as the level of the analog video signal rises. 
As shown by a solid line curve in the portion (g) of FIG. 

2, the output from the pattern generator 3 is obtained in 
Synchronism with the clocks shown in the portion (d) and is 
input to the comparator circuit 4. The broken line curve in 
the portion (g) of FIG. 2 shows the analog video signal 
shown in the portion (f). This video signal is compared by 
the comparator circuit 4 with the pattern Signal of triangular 
waveform derived from the pattern Signal generator 3 So that 
the analog video signal is converted into a pulse-width 
modulated signal as shown in the portion (h) of FIG. 2. 
The described embodiment of the invention permits a 

Substantially continuous or linear pulse modulation and, 
hence, ensures a high gradation of the image output by Virtue 
of the fact that the digital Video signal is converted into an 
analog video signal which is then compared with the trian 
gular wave Signal of a predetermined period. 

It is to be noted also that, in the described embodiment of 
the invention, the pattern signal Synchronizing clock (Screen 
clock) for generation of the pattern signal, e.g., the triangular 
wave Signal, is generated in Synchronism with the horizontal 
Synchronizing Signal by making use of reference clockS 
having a frequency much higher than that of the pattern 
Signal Synchronizing Signal. Therefore, the jitter of the 
pattern signal derived from the pattern Signal generator 3, 
e.g., the offset of the pattern Signal from one Scan line to the 
next, is reduced to less than 1/12 of the period of the pattern 
Signal. This precision is required to insure a high quality 
half-tone reproduction in which the line Screen is formed 
uniformly and Smoothly from one Scan line to the next. 
Therefore, the density information can be accurately pulse 
width modulated by making use of this pattern Signal which 
has a Small fluctuation, So that the image can be reproduced 
with high quality. 

FIG. 4 is a schematic perspective view of the optical 
Scanning System incorporated in the laser beam printer (a 
raster Scanning print engine) to which the present invention 
is applied. The Scanning System has a Semiconductor laser 
adapted to emit a laser beam modulated in accordance with 
the pulse-width-modulated Signal mentioned above. 

The optical laser beam modulated by the Semiconductor 
laser 21 is collimated by a collimator lens 20 and is optically 
deflected by a polygonal mirror (applying means) 22 having 
a plurality of reflecting Surfaces. The deflected beam is 
focused to form an image on a photosensitive drum 12 by an 
image forming lens 23 referred to as an f6 lens, So as to Scan 
the drum 12. During the Scanning by the beam, and when the 
beam reaches the end of each Scanning line, it is reflected by 
a mirror 24 and is directed to a beam detector 25. The beam 
detection (BD) signal produced by the beam detector 25 is 
used as the horizontal Synchronizing Signal as is known. 
Thus, in the described embodiment, the horizontal synchro 
nizing Signal is constituted by the BD signal. 

It will be seen that the BD signal is detected for each of 
the lines of Scanning by the laser beam and is used as the 
timing Signal for the transmission of the pulse-width 
modulated Signal to the Semiconductor laser. 
AS used in the Subject specification in description of the 

preferred embodiments and as used in the concluding 
claims, the term “line-Segment’ means a dot which is 
formed on a recording medium, the length (size) of which is 
variable in accordance with the width of the pulse width in 
the Supplied pulse-width-modulated Signal. 

The apparatus for generating an image from a digital 
video signal of the invention will be described more fully 
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6 
with specific reference to FIGS. 3A and 3B which show 
details of the apparatus shown in FIG. 1. 
As stated before, the preferred embodiment described 

herein makes use of the BD signal as the horizontal Syn 
chronizing Signal. The BD signal, however, is basically 
asynchronous with the pixel clock and, therefore, would 
normally cause jitter in the horizontal direction. In the 
described embodiment, therefore, jitter is reduced to leSS 
than /4 of the width of a pixel, by making use of an oscillator 
100 that can produce reference clocks (72M-CLK) (72 
megahertz clock) of a frequency which is 4 times higher than 
that of the pixel clocks. ABD synchronizing circuit 200 is 
used for this purpose. The reference clock (72M-CLK) from 
the oscillator 100 is supplied to D latches 201,202, and 203 
through a buffer 101, while the BD signal is input to the data 
terminal D of the D latch 201 through a terminal 200a So as 
to be Synchronized with the reference clockS. In addition, the 
BD signal is delayed by the D latches 202 and 203 by an 
amount corresponding to 2 (two) reference clock pulses. The 
BD signal thus delayed is delivered to one of the input 
terminals of a NOR gate 103, while the other input terminal 
of the NOR gate 103 receives the inverted output of the D 
latch 201. The output from the NOR gate 103 is input to one 
of the input terminals of a NOR gate 104, while the other 
input terminal of the NOR gate 104 receives the output of a 
flip-flop circuit 102. 
With this arrangement, the flip-flop circuit 102 produces 

clocks (36M-CLK) (36 megahertz clock) which are obtained 
by dividing the frequency of the reference clock by 2 (two). 
Thus, the output (36M-CLK) from the flip-flop circuit 102 
is synchronous with the BD signal to within one period of 
the clock 72M-CLK. 

The output of the D latch 203 is delayed by the D latches 
204, 205, and 206 by an amount corresponding to 3 (three) 
pulses of the output (36M-CLK) of the flip-flop circuit 102. 
The inverted output from the D latch 201 and the output 

from the D latch 206 are delivered to a NOR gate 207, so that 
an internal horizontal Synchronizing signal (BD-Pulse) is 
formed in synchronism (within one period) with the refer 
ence clock. 

FIG. 5 shows the timing of the signals obtained at various 
portions of the BD synchronizing circuit 200. More 
specifically, A-1 shows the BD signal, A-2 shows the ref 
erence clock (72M-CLK) produced by the oscillator 100, 
and A-3 shows the inverted output from the D latch 201, 
obtained by synchronizing the BD signal with the reference 
clock (72M-CLK). A-4 shows the output from the D latch 
203, obtained by delaying the signal A-3 by an amount 
corresponding to 2 (two) reference clock pulses. A-5 shows 
the clock (36M-CLK) output from the flip-flop circuit 102, 
A-6 shows the output from the D latch 206, obtained by 
delaying the Signal A-4 by an amount corresponding to 3 
(three) pulses of the clocks (36M-CLK), and A-7 shows the 
internal horizontal synchronizing signal (BD-Pulse). It will 
be seen that the internal horizontal Synchronizing Signal 
(BD-Pulse) rises in synchronism with the rise of the first 
reference clock (72M-CLK) after the rise of the BD signal, 
and is held at level “1” for a period corresponding to 8 
(eight) pulses of the reference clock. This internal horizontal 
Synchronizing signal (BD-Pulse) constitutes the reference 
for the horizontal driving of the circuit of this embodiment. 
An explanation of the Video signals will now be made 

again with reference to FIGS. 3A and 3B. The pixel clocks 
(PIXEL-CLK) are formed by dividing the frequency of the 
signal (36M-CLK) by 2 (two) by means of the J-K flip-flop 
circuit 105. A 6-bit digital video signal is latched in the D 
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latch 10 by the pixel clock (PIXEL-CLK), and the output is 
delivered to a ROM 12 for gamma conversion. The 8-bit 
video signal produced through the conversion by the ROM 
12 is further converted into an analog Signal by the D/A 
converter 13 and is delivered to one of the input terminals of 
the comparator 15 in order to be compared with the trian 
gular wave signal explained below. The pulse-width 
modulated Signal obtained as a result of the comparison is 
delivered to the laser driver of a raster Scanning print engine. 

Still referring to FIGS. 3A and 3B, reference numeral 300 
designates a Screen clock generating circuit which generates 
the Screen clock, i.e., the analog reference pattern Signal 
Synchronizing clock, which is used as the reference for the 
generation of the triangular wave signal. A counter 301 is 
used as a frequency divider for dividing the frequency of the 
signal (36M-CLK) output from the flip-flop circuit 102. The 
counter 301 has input terminals D, C, B, and A which are 
preset with predetermined data by means of a Switch 303. 
The ratio of the frequency division is determined by the 
values Set at these input terminals D, C, B, and A. For 
instance, when the values “1”, “1”, “0”, and “1” are set in the 
terminals D, C, B, and A, respectively, the frequency of the 
signal (36M-CLK) is divided into /3. 

Meanwhile, horizontal synchronization is attained by the 
NOR gate 302 and the (BD-Pulse) signal. The frequency of 
the divided signal is further divided into /3 by a J-K flip-flop 
circuit 304, so that a screen clock having a duty ratio of 50% 
is formed. A triangular wave generating circuit 500 gener 
ates triangular waves by using this Screen clock as the 
reference. 

FIG. 6 shows waveforms of Signals appearing at various 
components of the screen clock generating circuit 300. (It is 
noted, however, that the Scales of FIGS. 5 and 6 are 
different). More specifically, B-1 shows the internal syn 
chronizing signal (BD-PULSE), B-2 shows the signal (36M 
CLK) and B-3 shows the screen clock (SCREEN CLK) as 
obtained when values “1”, “1”, “1”, “0” are set in the 
terminals D, C, B, A of the counter 301, respectively. B-4 
represents the triangular wave signal as obtained when the 
Screen clock B-3 is used as the reference. On the other hand, 
B-5 shows the screen clock (SCREEN CLK) as obtained 
when values “1”, “1”, “0”, “1” are set in the input terminals 
D, C, B, A of the counter 301. B-6 shows the triangular wave 
signal as obtained when the screen clock (SCREEN CLK) 
shown in B-5 is used as the reference obtained. It will be 
Seen that the period of the triangular wave signal shown by 
B-4 corresponds to 2 (two) picture elements, while the 
period of the triangular wave signal shown by B-6 corre 
sponds to 4 (four) picture elements. Thus, the period of the 
triangular wave signal can be varied as desired by appro 
priately setting the switch 303. In the embodiment 
described, the period of the triangular wave is changeable 
between a duration corresponding to 1 (one) picture element 
and a duration corresponding to 16 (sixteen) picture ele 
mentS. 

The triangular wave signal generating circuit 500 will 
now be described, again with reference to FIGS. 3A and 3B. 
The screen clock (SCREEN CLK) is received by the buffer 
501, and the triangular wave is generated by an integrator 
comprising by a variable resistor 502 and a capacitor 503. 
The triangular wave signal is then delivered to one of the 
input terminals of the comparator 15 through a capacitor 
504, a protective resistor 506, and a buffer amplifier 507. 
The triangular wave signal generating circuit 500 has two 
variable resistors, namely, variable resistor 502 for adjusting 
the amplitude of the triangular wave signal, and a variable 
resistor 505 for adjusting the bias or offset of the triangular 
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8 
wave Signal. The adjustment of the amplitude and the offset 
of the triangular wave signal by the variable resistors 502 
and 505 is conducted in a manner which will be explained 
with reference to FIGS. 7(a) to 7(c). In FIG. 7(a), a trian 
gular wave signal Tri-1 before adjustment is shown by a 
solid line curve. By adjusting the variable resistor 502, the 
Signal Tri-1 is changed into an amplified triangular wave 
signal Tri-2 shown by a broken line curve. Then, the variable 
resistor 505 can be adjusted to shift or adjust the offset of the 
wave So as to form a triangular wave signal Tri-3 shown by 
a one-dot-and-one-dash line curve. It is thus possible to 
obtain a triangular wave signal having the desired amplitude 
and offset. 
AS Stated before, the triangular wave signal thus formed 

is compared by the comparator 15 with the output of the D/A 
converter 13, i.e., with the analog video signal. The rela 
tionship between the triangular wave Signal and the analog 
Video signal is preferably Such that the maximum level of the 
triangular wave equals the level of the output of the D/A 
converter 13 as obtained when the input to the converter 13 
has the maximum level (FFH, where H indicates a hexa 
decimal number), while the minimum value of the triangular 
wave signal equals the level of the output of the D/A 
converter 13 as obtained when the input to this converter has 
the minimum level (OOH). Since the amplitude and the 
offset of the triangular wave can be controlled as desired, it 
is possible to obtain this preferred condition without diffi 
culty. 
More particularly, according to the invention, the ampli 

tude and the offset of the triangular wave signal are adjusted 
in the following manner. In general, a laser driver for 
emitting a laser beam has a certain delay time in its opera 
tion. The delay time until the laser beam is actually emitted 
is further increased due to the beam emitting characteristics 
of the laser. Therefore, the laser does not start emitting the 
laser beam until the width of the pulse input to the driver 
exceeds a predetermined value. This means that, in the case 
where the input signal is a Series of periodic pulses as in the 
case of the described embodiment, the laser does not emit a 
beam unless the input signal pulse has a duty ratio greater 
than a predetermined value. Conversely, when the duty ratio 
of the pulse is increased beyond a certain level, i.e., when the 
period of low level of the pulse is shortened, the laser tends 
to Stay on, that is, the beam is continuously emitted. For 
these reasons, if the adjustment of the triangular wave signal 
is conducted in the manner shown in FIG. 7(b), the gradation 
levels around the minimum level (OOH) and near the 
maximum level (FFH) are omitted from the 256 gradation 
levels of the input data which may be input to the D/A 
converter 13, So that the gradation deteriorates undesirably. 
In the embodiment described, therefore, the variable resis 
tors 502 and 505 are adjusted so that the pulse width just 
below that which will cause the laser to begin emission is 
obtained at the OOH level of the data input to the D/A 
converter 13, and so that the pulse width which will render 
the laser continuously on is obtained at the FFH level of the 
data input to the D/A converter 13. This manner of adjust 
ment of the variable resistors 502 and 505 is shown in FIG. 
7(c). 
As will be understood from FIG. 7(c), this preferred 

embodiment is designed So that the comparator 15 produces 
an output pulse of a certain pulse width (a pulse width just 
below that which will cause the laser to begin emission) 
when the minimum input data OOH is supplied to the D/A 
converter 13. The preferred embodiment is also designed so 
that, when the maximum input data FFH is supplied to the 
D/A converter 13, the comparator produces output pulses the 
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duty ratio of which is not 100% but which is large enough 
to allow the laser to emit the beam continuously. This 
arrangement permits the emission time of the laser to vary 
nearly over the entire range of the 256 gradation levels of the 
input data, thus ensuring high gradation of the reproduced 
image. 

It should be understood that the method described above 
is not limited to a laser printer but may also be utilized in an 
inkjet printer, a thermal printer or other raster Scanning 
devices. 

The ROM 12 for gamma conversion will now be 
explained in detail with reference to FIG.8. The ROM 12 is 
provided to allow a high gradation of density in the repro 
duced image. Although the described embodiment employs 
a ROM having a capacity of 256 bytes as ROM 12, a 
capacity of 64 bytes is basically enough because the input 
digital video signal is a 6-bit signal. FIG. 8 shows the 
memory map of the ROM 12 for gamma conversion. Since 
this ROM has a capacity of 256 bytes, it can contain 4 (four) 
Separate correction tables, namely TABLE-1 including 
addresses OOH to 3FH, TABLE-2 including addresses 4OH 
to 7FH, TABLE-3 including addresses 8OH to BFH, and 
TABLE-4 including the addresses COH to FFH. 

FIG. 9 shows a practical example of the input-output 
characteristics of each of the conversion tables, i.e., the 
relationship between the input video signals and the con 
verted output video signal. AS will be seen from this Figure, 
the 64 (sixty-four) levels of the input video signal are 
converted into levels 0 to 255 (OOH to FFH) in accordance 
with the respective conversion tables. The change-over 
between the conversion tables can be made by varying the 
signal applied to upper terminals A6 and A7 of the ROM 12 
as shown in FIGS. 3A and 3B. The described embodiment 
is designed to allow this Switching for each line, by the 
operation of a circuit 400 shown in FIG. 3A. In operation, 
the internal horizontal Synchronizing Signal (BD-Pulse) is 
input to a counter 401 the output of which is delivered 
through terminals QA and QB to the terminals A6 and A7 of 
the ROM 12. The counter 401, in cooperation with an RCO 
inverter 402 and a Switch 403 constitutes a ring counter, so 
that the period of Switching of the conversion table can be 
varied in accordance with the state of the Switch 403. For 
instance, when the Switch 403 has the state “1” (at terminal 
B), “1” (at terminal A), TABLE-4 is always selected, 
whereas, when the state of the switch 403 is “1” (at terminal 
B), “0” (at terminal A), TABLE-4 and TABLE-3 are selected 
alternately. When the switch 403 has the state of “0” (at 
terminal B), “0” (at terminal A), TABLE-1, TABLE-2, 
TABLE-3, and TABLE-4 are successively selected for suc 
cessive lines, as shown in FIG. 10a. Moreover, it is possible 
to improve the gradation by changing the conversion table 
for Successive lines. 

In general, in the electrophotographic reproduction of an 
image, the gradation is more difficult to obtain in the light 
portion of the image than in the dark portion of the image. 
Therefore, as in the example shown in FIG. 9, the conver 
Sion tables are Substantially duplicated in the dark portions 
of the image and differ in the light portion So as to provide 
optimal gradation. 

In the preferred embodiment, the Switching of the table 
can also be made in the direction of the main Scan by the 
laser beam. 

More specifically as shown in FIGS. 3A and 3B, a signal 
can be formed by dividing the frequency of the Screen clock 
(SCREEN-CLK) by 2 (two) by means of a J-K flip-flop 
circuit 404, inputting the resulting Signal to one input 
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terminal of an exclusive OR circuit 406, the other input of 
which is connected to terminal QB of the counter 401 and 
the output terminal of which is then connected to ROM 12 
through a latch 11. With this arrangement, it is possible to 
change the conversion table in a Staggered manner as shown 
in FIG. 10(b), thus attaining a further improvement in the 
gradation. A reference numeral 405 denotes a Switch for 
Selecting either Switching of the table in the Staggered 
manner described above or not So Switching. The Staggered 
Switching of the table is selected when this switch has the 
“1” level and is not selected when the Switch has the “0” 
level. The numerals appearing in frames of the table shown 
in FIG. 10(b) represent the numbers of the selected conver 
sion tables 1 to 4. Thus, the period of the screen clock in the 
embodiment corresponds to the period of 3 (three) pixel 
clockS. 

It will be understood from the description provided above 
that the Scanning lines produced by the laser in accordance 
with data from the conversion tables of the ROM 12 are each 
generated as a Succession of line Segments. The line Seg 
ments of Successive Scanning lines collectively form a 
plurality of columns that define a line Screen. 
More particularly, when the Video signal processed by the 

circuit shown in FIGS. 3A and 3B is directly delivered to a 
reproducing means Such as a laser beam printer, the repro 
duced image has a structure with vertical columns (in the 
described embodiment, the line Screen is composed of 
Vertical columns of line Segments of Successive Scanning 
lines which form in the reproduced image) due to the fact 
that the phase of the triangular wave signal is the same as 
that of the internal horizontal Synchronizing Signal (BD 
Pulse) for each line. The circuit in the present embodiment 
is one in which the triangular wave is formed after the 
reference clocks are counted by 12 (twelve) from the rise of 
the BD-Pulse signal. The timing for the generation of 
triangular waves is the same for each line, and So each phase 
of the triangular waves on each line is the Same. The image 
data is output from the digital data output device 1 as Stated 
above. The digital data output device 1 outputs image data 
with a predetermined timing in Synchronism with a signal 
equivalent to the BD-Pulse signal. More particularly, the 
data output device 1 is adapted to receive the BD signal. This 
device 1 Starts to count the reference clock after receiving 
the BD Signal, and begins transmission of the image data 
after counting the reference clocks up to a predetermined 
number. As a consequence, the timing of transfer of the 
image data necessary for image reproduction is the same on 
each line, and a high quality reproduced image with no 
image jitter can be produced. AS the timing of the generation 
of the triangular waves and the timing of transfer of the 
image data necessary for image reproduction have the same 
relation on all of the lines, the reproduced image has its 
Vertical column Structure with no image jitter, which is 
effective, for example, in reducing a particular Moire pat 
tern. Again this vertical column tructure comprises a line 
Screen having a vertical columnar axis extending at an angle, 
that is perpendicular to the raster Scanning lines. 

It is also possible to obtain a reproduced image having a 
Structure comprising oblique line Screen columns, if the 
phase of the triangular wave Signals is made to be offset 
Slightly for Successive lines. This is effective in reducing the 
Moire pattern which appears undesirably when an original 
dot image is read and processed. The angle of inclination of 
the oblique columns can be determined as desired by Suit 
ably Selecting the amount of shift of the phase of the Screen 
clocks for Successive lines. For instance, a reproduced image 
comprising Scanning lines having oblique columns inclined 
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at 45 degrees can be obtained by shifting the triangular wave 
Signal by an amount corresponding to one picture element, 
i.e., by phase shifting the triangular wave signal 120 degrees 
for each of the Successive columns. FIG. 11 shows a circuit 
for reproducing an image comprising oblique columns. 
More specifically, a reproduced image comprising oblique 
columns can be obtained by using this circuit in place of the 
Screen clock generating circuit 300 in the circuit shown in 
FIG. 3. 

Referring again to FIG. 11, the internal horizontal Syn 
chronizing signal (BD-Pulse) is latched by the pixel clocks 
(PIXEL-CLK) by means of D latches 356 and 357, so that 
three internal horizontal Synchronizing Signals (BD-Pulse) 
having different phases are produced. Then, one of these 
three internal horizontal Synchronizing Signals (BD-Pulse) is 
selected for each line by operation of a counter 358, invert 
ers 359 and 360, and gate circuits 361 to 367. The selected 
Signal is input as a LOAD Signal to a counter 351, thereby 
changing the phase of the Screen clocks for Successive lines. 
The counter 351 is adapted to divide the frequency of the 
signal (36M-CLK) into /3, while the J-K flip-flop circuit 354 
further divides the frequency of the output from the counter 
351 into /3. With this arrangement, it is possible to generate 
one Screen clock for every three picture elements. 

FIG. 12 shows timing of the screen clock generated by the 
circuit of FIG. 11 and the triangular wave signal for Suc 
cessive lines. These three triangular wave Signals are gen 
erated in Sequence of each Set of each 3 lines. 
When the reference pattern signal is generated in Syn 

chronism with a group of picture elements as in the case of 
the embodiment described, it is possible to shift the syn 
chronizing Signal used in the generation of the pattern Signal 
by an amount corresponding to one half of the reference 
pattern signal period for each Successive Set of Scan lines 
equal to the width of the pattern Signal. Such a method 
allows the position of the center of growth of the pulse width 
to be shifted in each of Successive lines, So that the output 
image can have an appearance resembling that produced by 
half-tone dots arranged along oblique lines. 

In the circuit shown in FIGS. 3A and 3B, the ROM 12 is 
used for the purpose of gamma conversion. This, however, 
is not the only element Suitable for this purpose and the 
ROM 12 may be replaced by an S-RAM connected to the 
DATABUS line of a computer. With Such an arrangement, 
it is possible to rewrite the gamma conversion table as 
desired in accordance with, for example, a change in the 
kind of the original, thus increasing the adaptability of the 
apparatus of the invention. 

FIG. 13 shows an example of a circuit which is usable in 
place of the ROM 12 in the circuit shown in FIGS. 3A and 
3B. This circuit has, as will be seen from this Figure, an 
S-RAM 12a for gamma conversion, a decoder 30, a micro 
computer 31 for rewriting the gamma conversion tables, 
tri-state buffers 32 and 33, and a bi-directional tri-state 
buffer 34. 

The mode changing Switches 304, 403 and 405 in the 
circuit shown in FIGS. 3A and 3B may be controlled by the 
microcomputer 31 so as to increase the flexibility of the 
System as a whole. 

Although the invention has been described with reference 
to specific embodiments and in Specific terms it is to be 
understood that this description is only for illustrative pur 
poses and that various other changes and modifications are 
possible without departing from the Scope of the invention. 
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What is claimed is: 
1. An image processing apparatus responsive to a digital 

input Signal, Said apparatus comprising: 
a raster Scanning print engine image forming means 
for generating a Series of Successive Scan lines, 

means for generating an analog pattern Signal 
means for generating a pulse-width-modulated Signal 

from a digital input Signal input to Said apparatus and 
from Said analog pattern Signal; and 

means for applying Said pulse-width-modulated Signal to 
Said print engine image forming means to cause said 
print engine image forming means to generate each 
Said Scan line as a Succession of line-Segments, the 
lengths of which are controlled in accordance with Said 
pulse-width-modulated Signal to produce a variable 
density line Screen from Said line Segments, said line 
Screen comprising a plurality of columns of Said line 
Segments. 

2. An image processing apparatus responsive to a digital 
input Signal, Said apparatus comprising: 

a raster Scanning print engine for generating a Series of 
Successive Scan lines, 

means for generating a pulse-width-modulated Signal 
from a digital input Signal input to Said apparatus, and 

means for applying Said pulse-width-modulated Signal to 
Said print engine to cause Said print engine to generate 
each Said Scanline as a Succession of line-Segments, the 
lengths of which are controlled in accordance with Said 
pulse-width-modulated Signal to produce a variable 
density line Screen from Said line Segments, said line 
Screen comprising a plurality of columns of Said line 
Segments, wherein Said digital input Signal ranges 
between maximum and minimum values and wherein 
Said pulse-width-modulated Signal generating means 
generates a pulse-width-modulated Signal having a 
predetermined pulse width when Said digital input 
Signal has the minimum value. 

3. An image processing apparatus according to claim 2, 
wherein the axes of Said columns comprising Said line 
Screen are Substantially perpendicular to Said Scan lines. 

4. An image processing apparatus according to claim 2, 
wherein the axes of Said columns comprising Said line 
Screen extend at an oblique angle to Said Scan lines. 

5. Image processing apparatus according to claim 2, 
wherein Said reference pattern Signal generating means 
includes means for adjusting at least one of the amplitude 
and offset of Said pattern Signal. 

6. An image processing apparatus according to claim 2, 
wherein Said generating means includes converting means 
for converting Said digital input Signal to an analog video 
Signal, reference pattern Signal generating means for gener 
ating an analog reference pattern Signal of predetermined 
period, and comparing means for comparing Said converted 
analog video signal with Said analog reference pattern Signal 
and for generating Said pulse-width-modulated Signal on the 
basis of Said comparison. 

7. Image processing apparatus according to claim 6, 
wherein Said reference pattern Signal generating means 
generates as Said pattern Signal a triangular wave signal of 
predetermined period. 

8. An image processing apparatus responsive to a digital 
input Signal, Said apparatus comprising: 

a raster Scanning print engine for generating a Series of 
Successive Scan lines, 

means for generating a pulse-width modulated Signal 
from a digital input Signal input to Said apparatus, and 
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means for applying Said pulse-width-modulated Signal to 
Said print engine to cause Said print engine to generate 
each Said Scan line as a Succession of line-Segments, the 
lengths of which are controlled in accordance with Said 
pulse-width-modulated Signal to produce a variable 
density line Screen from Said line Segments, said line 
Screen comprising a plurality of columns of Said line 
Segments wherein Said digital input signal ranges 
between maximum and minimum values and wherein 
Said pulse-width-modulated Signal generating means 
generates a pulse-width-modulated Signal having a 
predetermined pulse width when Said digital input 
Signal has the maximum value. 

9. Image processing apparatus according to claim 8, 
wherein the axes of Said columns comprising Said line 
Screen are Substantially perpendicular to Said Scan lines. 

10. Image processing apparatus according to claim 8, 
wherein the axes of Said columns comprising Said line 
Screen extend at an oblique angle to Said Scan lines. 

11. Image processing apparatus according to claim 8, 
wherein Said generating means includes converting means 
for converting Said digital input Signal to an analog video 
Signal, reference pattern Signal generating means for gener 
ating an analog reference pattern Signal of predetermined 
period, and comparing means for comparing Said converted 
analog video signal with Said analog reference pattern Signal 
and for generating Said pulse-width-modulated Signal on the 
basis of Said comparison. 

12. Image processing apparatus according to claim 11, 
wherein Said reference pattern Signal generating means 
includes means for adjusting at least one of the amplitude 
and offset of Said pattern signal. 

13. Image processing apparatus according to claim 11, 
wherein Said reference pattern Signal generating means 
generates as Said pattern Signal a triangular wave signal of 
predetermined period. 

14. An image processing apparatus for forming an image 
on a recording medium, Said apparatus comprising: 

Video signal output means for generating an analog video 
Signal; 

pattern signal generating means for producing a pattern 
Signal of predetermined period; 

a pulse-width-modulated Signal generating means for 
generating a pulse-width modulated Signal in accor 
dance with the analog video signal generated by Said 
Video signal output means and Said pattern Signal 
generated by Said pattern signal generating means, and 

image forming means for Scanning lines on a recording 
medium with a beam in accordance with Said pulse 
width-modulated Signal generated by Said pulse-width 
modulated Signal generating means thereby forming an 
image on Said recording medium; Said image forming 
means including means for generating a Synchronizing 
Signal for each line Scanned on the recording medium, 
Said pattern Signal generating means generating the 
pattern Signal of predetermined period in accordance 
with Said Synchronizing Signal. 

15. An image processing apparatus according to claim 14, 
wherein Said pattern signal generating means generates as 
Said pattern Signal a triangular wave Signal of predetermined 
period. 

16. An image processing apparatus according to claim 14, 
further comprising reference clock generating means for 
generating a reference clock, Said pattern signal generating 
means producing a clock for generating Said pattern Signal 
by dividing the frequency of Said reference clock in accor 
dance with Said Synchronizing Signal. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

14 
17. Image processing apparatus according to claim 14, 

wherein Said Synchronizing Signal generating means 
includes detecting means for detecting a Scanning position 
of the beam and generates the Synchronizing Signal on the 
basis of a detection output from Said detecting means. 

18. Image processing apparatus according to claim 14, 
wherein Said pattern Signal generating means includes 
means for freely varying a period of the pattern Signal 
generated. 

19. Image processing means according to claim 14, 
wherein Said pulse-width-modulated Signal generating 
means includes means for comparing Said analog video 
Signal with Said pattern signal and for generating Said 
pulse-width modulated Signal on the basis of the comparison 
result. 

20. Image processing apparatus according to claim 14, 
wherein Said pattern Signal generating means includes tim 
ing changing means for changing a timing for generation of 
the pattern Signal in association with the Scanning line. 

21. Image processing apparatus according to claim 14, 
wherein one period of Said pattern Signal corresponds to a 
plurality of pixels of the analog video signal. 

22. An image processing apparatus according to claim 14, 
wherein Said pattern Signal generating means includes 
means for adjusting at least one of the amplitude and offset 
of Said pattern Signal. 

23. An image processing apparatus according to claim 14, 
wherein Said pattern signal generating means generates as 
Said pattern Signal a triangular wave signal of predetermined 
period. 

24. Image processing apparatus according to claim 14, 
further comprising digital video signal generating means for 
generating a digital Video Signal, wherein Said Video signal 
output means includes digital-to-analog converting means 
for converting the digital video signal generated by Said 
digital Video signal generating means into the analog video 
Signal. 

25. Image processing apparatus according to claim 24, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having a predetermined pulse width when 
Said digital Video Signal has the minimum value. 

26. Image processing apparatus according to claim 24, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having a predetermined pulse width when 
Said digital Video Signal has the maximum value. 

27. Image processing apparatus according to claim 24, 
wherein Said apparatus further comprises reference clock 
generating means for generating a reference clock, Said 
pattern Signal generating means producing a first clock for 
generating Said pattern Signal by dividing the frequency of 
Said reference clock, and wherein Said apparatus further 
comprises means for generating a Second clock by dividing 
the frequency of the reference clock, Said digital Video signal 
generating means generating the digital Video signal in 
Synchronism with the Second clock. 

28. Image processing apparatus according to claim 27, 
wherein each of Said first and Second clockS is generated in 
accordance with the Synchronizing Signal. 

29. Image processing apparatus according to claim 24, 
wherein Said digital Video signal generating means includes 
digital Video signal output means for Outputting a digital 
Video signal having a characteristic, and characteristic con 
Verting means for converting the characteristic of Said digital 
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Video Signal output from Said digital Video Signal output 
means and for producing a converted digital video signal 
therefrom and wherein Said digital-to-analog converting 
means converts the converted digital video Signal generated 
by Said characteristic converting means into the analog 
Video signal. 

30. Image processing apparatus according to claim 29, 
wherein Said characteristic converting means includes 
means for changing a factor for converting the characteristic 
of Said digital Video Signal for each line Scanned by Said 
image forming means. 

31. Image processing apparatus according to claim 30, 
wherein Said factor changing means changes the factor in 
accordance with the Synchronizing Signal. 

32. An image processing apparatus comprising: 
digital Video signal generating means for generating a 

digital Video signal having a characteristic, 
characteristic converting means for converting the char 

acteristic of Said digital Video signal generated by Said 
digital Video signal generating means and for producing 
a converted digital Video signal therefrom; 

digital-to-analog converting means for converting the 
converted digital Video signal generated by Said char 
acteristic converting means into an analog video Signal; 

pattern signal generating means for generating a pattern 
Signal of predetermined period; and 

pulse-width-modulated Signal generating means for gen 
erating a pulse-width-modulated Signal in accordance 
with Said analog video signal and Said pattern Signal. 

33. An image processing apparatus according to claim 32, 
wherein said digital video signal ranges between maximum 
and minimum values, and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having predetermined pulse width when 
Said digital video Signal has the minimum value. 

34. An image processing apparatus according to claim 32, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having predetermined pulse width when 
Said digital video Signal has the maximum value. 

35. An image processing apparatus according to claim 32, 
wherein Said pattern Signal generating means includes 
means for adjusting at least one of the amplitude and offset 
of Said pattern Signal. 

36. Image processing apparatus according to claim 32, 
wherein Said pattern Signal generating means includes 
means for freely varying a period of the pattern Signal 
generated. 

37. Image processing apparatus according to claim 32, 
wherein Said pulse-width-modulated Signal generating 
means includes means for comparing Said analog video 
Signal with Said pattern Signal and for generating Said 
pulse-width modulated Signal on the basis of the comparison 
result. 

38. Image processing apparatus according to claim 32, 
wherein one period of Said pattern Signal corresponds to a 
plurality of pixels of the digital Video signal. 

39. An image processing apparatus according to claim 32, 
wherein Said characteristic converting means comprises 
Storage means containing digital information for providing 
at least one non-linear transformation of Said digital Video 
Signal. 

40. An image processing apparatus according to claim 39, 
wherein Said Storage means comprises a read only memory 
for Storing a digital look-up table for gamma correction. 
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41. An image processing apparatus according to claim 32, 

further comprising image forming means for Scanning Suc 
cessive lines on a recording medium with a beam in accor 
dance with Said pulse-width-modulated Signal generated by 
Said pulse-width-modulated Signal generating means 
thereby forming an image on Said recording medium, and 
wherein Said characteristic converting means includes 
means for changing the factor converting the characteristic 
of Said digital Video Signal for each of the Successive lines 
Scanned by Said image forming means. 

42. Image processing apparatus according to claim 41, 
wherein Said pattern Signal generating means includes tim 
ing changing means for changing a timing for generation of 
the pattern Signal in association with the Scanning line. 

43. Image processing apparatus according to claim 41, 
wherein Said image forming means includes means for 
generating a Synchronizing Signal for each line Scanned on 
the recording medium, Said pattern Signal generating means 
generating the pattern Signal of predetermined period in 
accordance with Said Synchronizing Signal. 

44. Image processing apparatus according to claim 37, 
wherein Said Synchronizing Signal generating means 
includes detecting means for detecting a Scanning position 
of the beam and generates the Synchronizing Signal on the 
basis of a detection output from Said detecting means. 

45. Image processing apparatus according to claim 43, 
wherein Said factor changing means changes the factor in 
accordance with the Synchronizing Signal. 

46. Image processing apparatus according to claim 43, 
further comprising reference clock generating means for 
generating a reference clock, Said pattern signal generating 
means producing a clock for generating Said pattern signal 
by dividing the frequency of Said reference clock in accor 
dance with Said Synchronizing Signal. 

47. An apparatus for generating an image from a digital 
Video signal comprising: 

A. a raster Scanning print engine for generating a Series of 
Successive Scanning lines, 

B. a digital look up table addressable by Said digital Video 
Signal; 

C. means for generating from Said digital Video signal a 
pulse-width-modulated Signal, Said pulse-width 
modulated Signal generating means comprising: 
(1) means for applying Said digital video signal as an 

address to Said digital look up table for producing in 
accordance with Said digital look up table a resultant 
gamma corrected digital Signal; 

(2) means for converting said resultant gamma cor 
rected digital signal to an analog video signal; 

(3) means for generating a periodic analog reference 
Signal of predetermined period; and 

(4) means for comparing said analog video signal to 
Said periodic analog reference signal thereby to 
produce Said pulse-width-modulated Signal; and 

D. means for applying Said pulse-width modulated Signal 
to Said print engine for generating each said Scanning 
line as a Succession of line-Segments, the length of 
which are controlled in accordance with Said pulse 
width-modulated Signal to produce a variable density 
line Screen from Said line Segments, an axis of Sym 
metry of the line Screen being Substantially normal to 
the Scanning lines. 

48. An apparatus for generating an image from a digital 
Video signal according to claim 47, wherein Said periodic 
analog reference Signal generating means generates as Said 
analog reference Signal a triangular wave signal of a prede 
termined period. 
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49. An apparatus for generating an image according to 
claim 47, wherein Said digital Video signal ranges between 
maximum and minimum values and wherein Said pulse 
width-modulated Signal generating means generates a pulse 
width-modulated Signal having a predetermined pulse width 
when Said digital video Signal has the minimum value. 

50. An apparatus for generating an image according to 
claim 47, wherein Said digital Video signal ranges between 
maximum and minimum values and wherein Said pulse 
width-modulated Signal generating means generates a pulse 
width-modulated Signal having predetermined pulse width 
when Said digital video Signal has the maximum value. 

51. An apparatus for generating an image according to 
claim 47, wherein periodic analog reference Signal generat 
ing means includes means for adjusting at least one of the 
amplitude and offset of Said analog reference signal. 

52. Apparatus according to claim 47, further comprising 
table changing means for changing the digital look up table 
utilized in association with the Scanning line generated by 
Said raster Scanning print engine. 

53. Apparatus according to claim 47, wherein one period 
of the analog reference signal corresponds to a plurality of 
pixels of the digital Video signal. 

54. Apparatus according to claim 19, wherein Said raster 
Scanning print engine includes image forming means for 
Scanning lines on a recording medium with a beam in 
accordance with Said pulse-width-modulated Signal gener 
ated by Said pulse-width-modulated Signal generating means 
thereby forming an image on Said recording medium, Said 
image forming means including means for generating a Syn 
chronizing Signal for each line Scanned on the recording 
medium, Said periodic analog reference Signal generating 
means generating the periodic analog reference Signal of 
predetermined period in accordance with Said Synchronizing 
Signal. 

55. Image processing apparatus according to claim 54, 
wherein Said Synchronizing Signal generating means 
includes detecting means for detecting a Scanning position 
of the beam and generates the Synchronizing Signal on the 
basis of a detection output from Said detecting means. 

56. An image processing apparatus responsive to a digital 
Video signal input thereto, Said apparatus comprising: 

a digital-to-analog converting means for converting the 
digital video signal input to Said apparatus into an 
analog Video signal; 

a pattern Signal generating means for generating a pattern 
Signal of a predetermined period; and 

a pulse-width-modulated Signal generating means for 
generating a pulse-width-modulated Signal in accor 
dance with Said converted analog video Signal and Said 
pattern signal. 

57. An image processing apparatus according to claim 56, 
wherein Said pattern signal generating means generates as 
Said pattern Signal a triangular wave Signal of predetermined 
period. 

58. Image processing apparatus according to claim 56, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having a predetermined pulse width when 
Said digital video Signal has the minimum value. 

59. Image processing apparatus according to claim 56, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having a predetermined pulse width when 
Said digital video Signal has the maximum value. 
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60. Image processing apparatus according to claim 56, 

wherein Said pulse-width-modulated Signal generating 
means includes means for comparing Said analog video 
Signal with Said pattern signal and for generating Said 
pulse-width modulated Signal on the basis of the comparison 
result. 

61. Image processing apparatus according to claim 56, 
wherein one period of Said pattern corresponds to a plurality 
of pixels of the digital Video signal. 

62. Image processing apparatus according to claim 56, 
further comprising image forming means for forming an 
image by lines on a recording medium in accordance with 
Said pulse-width-modulated Signal generated by Said pulse 
width modulated Signal generating means, Said image form 
ing means including means for generating a Synchronizing 
Signal for each line on the recording medium, Said pattern 
Signal generating means generating the pattern signal of 
predetermined period in accordance with Said Synchronizing 
Signal. 

63. Image processing apparatus according to claim 62, 
wherein Said image forming means Scans lines on the 
recording medium with a beam in accordance with Said 
pulse-width-modulated Signal, thereby forming the image on 
the recording medium, and wherein Said Synchronizing 
Signal generating means includes detecting means for detect 
ing a Scanning position of the beam, and generates the 
Synchronizing Signal on the basis of a detection output from 
Said detecting means. 

64. Image processing apparatus according to claim 62, 
further comprising reference clock generating means for 
generating a reference clock, Said pattern signal generating 
means producing a clock for generating Said pattern Signal 
by dividing the frequency of Said reference clock in accor 
dance with Said Synchronizing Signal. 

65. Image processing apparatus according to claim 62, 
wherein Said pattern Signal generating means includes tim 
ing changing means for changing a timing for generation of 
the pattern Signal in association with each line. 

66. Image processing apparatus according to claim 56, 
further comprising digital Video signal input means for 
inputting the digital Video Signal having a characteristic and 
characteristic converting means for converting the charac 
teristic of Said digital Video Signal input by Said digital video 
Signal input means and for producing a converted digital 
Video signal therefrom, wherein Said digital-to-analog con 
Verting means converts the converted digital Video signal 
generated by Said characteristic converting means into the 
analog Video signal. 

67. Image processing apparatus according to claim 66, 
wherein Said characteristic converting means includes a 
table for entering as an address the digital Video Signal input 
from Said digital Video Signal input means, the converted 
digital Video signal being produced from Said table. 

68. Image processing apparatus according to claim 67, 
wherein a plurality of tables for entering as an address the 
digital Video Signal input from Said digital Video Signal input 
means are provided, and further comprising image forming 
means for Scanning lines on a recording medium with a 
beam in accordance with Said pulse-width-modulated Signal 
generated by Said pulse-width-modulated Signal generating 
means thereby forming an image on Said recording medium, 
and table changing means for changing the table utilized in 
asSociation with the Scanning line. 

69. Image processing apparatus according to claim 68, 
wherein Said image forming means includes means for 
generating a Synchronizing Signal for each line Scanned on 
the recording medium, and Said table changing means 
changes the table in accordance with the Synchronizing 
Signal. 
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70. Image processing apparatus according to claim 69, 
wherein Said Synchronizing Signal generating means 
includes detecting means for detecting a Scanning position 
of the beam and generates the Synchronizing Signal on the 
basis of a detection output from Said detecting means. 

71. Image processing apparatus comprising: 
digital Video signal generating means for generating a 

digital Video signal having a characteristic, 
characteristic converting means for converting the char 

acteristic of Said digital Video signal generated by Said 
digital Video signal generating means and for producing 
a converted digital Video Signal therefrom, Said char 
acteristic converting means including changing means 
for periodically changing a plurality of factors for 
converting the characteristic of Said digital Video signal 
at a predetermined interval thereby to convert the 
characteristic of Said digital Video signal generated by 
Said digital Video signal generating means and to pro 
duce Said converted digital Video signal by using Said 
plurality of factors, and 

image forming means for forming an image in accordance 
with Said converted digital Video signal, Said image 
forming means forming Said image by Scanning lines 
on a recording medium in accordance with Said con 
verted digital Video signal; 

wherein Said characteristic converting means uses the 
Same ones of Said plurality of factors for at least one 
Scanning line Scanned by Said image forming means, 
and Said changing means changes Said plurality of 
factors after Scanning of Said at least one Scanning line 
Scanned by Said Scanning means. 

72. Image processing apparatus according to claim 71, 
wherein said image forming means includes pulse-width 
modulated Signal generating means for generating a pulse 
width-modulated Signal in accordance with the converted 
Video signal. 

73. Image processing apparatus according to claim 71, 
wherein Said characteristic converting means comprises 
Storage means containing digital information for providing 
at least one non-linear transformation of Said digital Video 
Signal. 

74. Image processing apparatus according to claim 73, 
wherein Said Storage means comprises a read only memory 
for Storing a digital look-up table for gamma correction. 

75. Image processing apparatus according to claim 71, 
wherein Said characteristic converting means includes a 
table for entering as an address the digital video signal 
generated from Said Video Signal generating means, the 
converted digital Video signal being produced from the 
table. 

76. Image processing apparatus according to claim 75, 
wherein a plurality of tables are provided for entering as an 
address the digital Video Signal generated from the Video 
Signal generating means, and wherein Said changing means 
changes the table for each line Scanned by Said image 
forming means. 

77. Image processing apparatus according to claim 76, 
wherein Said image forming means includes digital-to 
analog converting means for converting the converted digi 
tal video signal generated by Said characteristic converting 
means into an analog Video signal, pattern Signal generating 
means for generating a pattern Signal of predetermined 
period, pulse-width-modulated Signal generating means for 
generating a pulse-width-modulated Signal in accordance 
with Said analog video signal and Said pattern Signal, and a 
raster Scanning print engine for generating a Series of 
Successive Scan lines with a beam in accordance with Said 
pulse-width-modulated Signal. 
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78. Image processing apparatus according to claim 77, 

wherein Said digital video signal ranges between maximum 
and minimum values, and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having predetermined pulse width when 
Said digital Video Signal has the minimum value. 

79. Image processing apparatus according to claim 77, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having predetermined pulse width when 
Said digital Video Signal has the maximum value. 

80. Image processing apparatus according to claim 77, 
wherein Said pattern signal generating means includes an 
integrator for entering a clock having a predetermined 
period and for generating a triangular wave signal as the 
pattern Signal on the basis of the clock having a predeter 
mined period. 

81. Image processing apparatus according to claim 77, 
wherein Said image forming means includes means for 
generating a Synchronizing Signal for each line Scanned on 
the recording medium, and Said changing means changes the 
table in accordance with the Synchronizing Signal. 

82. Image processing apparatus according to claim 81, 
wherein Said Synchronizing Signal generating means 
includes detecting means for detecting a Scanning position 
of the beam and generates the Synchronizing Signal on the 
basis of a detection output from Said detecting means. 

83. Image processing apparatus according to claim 81, 
wherein Said pattern Signal generating means generates the 
pattern Signal of predetermined period in accordance with 
Said Synchronizing Signal. 

84. Image processing apparatus according to claim 81, 
wherein one period of Said pattern corresponds to a plurality 
of pixels of the digital Video signal. 

85. Image processing apparatus for forming an image, 
Said apparatus comprising: 

Video signal output means for generating an analog video 
Signal; 

pattern Signal generating means for producing a pattern 
Signal of predetermined period, one period of Said 
pattern Signal corresponding to a plurality of pixels of 
the analog video Signal; 

a pulse-width-modulated Signal generating means for 
generating a pulse-width-modulated Signal in accor 
dance with the analog video signal generated by Said 
Video signal output means and Said pattern Signal 
generated by Said pattern signal generating means, and 

image forming means for forming an image in accordance 
with Said pulse-width-modulated Signal generated by 
Said pulse-width-modulated Signal generating means. 

86. Image processing apparatus according to claim 85, 
wherein Said pattern signal generating means generates as 
Said pattern Signal a triangular wave signal of predetermined 
period. 

87. Image processing apparatus according to claim 85, 
wherein Said pattern Signal generating means includes 
means for adjusting at least one of the amplitude and offset 
of Said pattern Signal. 

88. Image processing apparatus according to claim 85, 
wherein Said image forming means Scans lines on the 
recording medium with a beam in accordance with Said 
pulse-width-modulated Signal generated by Said pulse 
width-modulated Signal generating means thereby forming 
an image on Said recording medium, Said image forming 
means including means for generating a Synchronizing Sig 
nal for each line Scanned on the recording medium, Said 
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pattern Signal generating means generating the pattern signal 
of predetermined period in accordance with Said Synchro 
nizing Signal. 

89. Image processing apparatus according to claim 88, 
wherein Said Synchronizing Signal generating means 
includes detecting means for detecting a Scanning position 
of the beam and generates the Synchronizing Signal on the 
bases of a detection output from Said detecting means. 

90. Image processing apparatus according to claim 88, 
further comprising reference clock generating means for 
generating a reference clock, Said pattern signal generating 
means producing a clock for generating Said pattern Signal 
by dividing the frequency of Said reference clock in accor 
dance with Said Synchronizing Signal. 

91. Image processing apparatus according to claim 85, 
further comprising digital Video signal generating means for 
generating a digital Video Signal, wherein Said Video signal 
output means includes digital-to-analog converting means 
for converting the digital Video signal generated by Said 
digital Video signal generating means into the analog video 
Signal. 

92. Image processing apparatus according to claim 91, 
wherein Said digital Video signal generating means includes 
digital Video signal output means for outputting a digital 
Video signal having a characteristic, and characteristic con 
Verting means for converting the characteristic of Said digital 
Video Signal output from Said digital Video Signal output 
means and for producing a converted digital video signal 
therefrom and wherein Said digital-to-analog converting 
means converts the converted digital video Signal generated 
by Said characteristic converting means into the analog 
Video Signal. 

93. Image processing apparatus according to claim 91, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having a predetermined pulse width when 
Said digital video Signal has the minimum value. 

94. Image processing apparatus according to claim 91, 
wherein Said digital video signal ranges between maximum 
and minimum values and wherein Said pulse-width 
modulated Signal generating means generates a pulse-width 
modulated Signal having a predetermined pulse width when 
Said digital video Signal has the maximum value. 

95. Image processing apparatus according to claim 91, 
wherein one period of the pattern Signal corresponds to a 
plurality of pixels of the digital Video signal. 

96. Image processing apparatus according to claim 91, 
wherein Said apparatus further comprises reference clock 
generating means for generating a reference clock, Said 
pattern signal generating means producing a first clock for 
generating Said pattern Signal by dividing the frequency of 
Said reference clock and wherein Said apparatus further 
comprises means for generating a Second clock by dividing 
the frequency of the reference clock, Said digital Video signal 
generating means generating the digital Video signal in 
Synchronism with the Second clock. 

97. Image processing apparatus according to claim 85, 
wherein One period of Saidpattern Signal corresponds to two 
pixels of the analog video Signal. 

98. Image processing apparatus according to claim 85, 
wherein One period of Said pattern Signal corresponds to 
three pixels of the analog video Signal. 

99. An image processing apparatus responsive to a digital 
input Signal, Said apparatus comprising: 

raster Scanning image forming means for generating a 
Series of Successive Scan lines, 
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means for digitally converting a characteristic of a digital 

input Signal input to Said apparatus to produce a 
converted digital Signal; 

means for generating a pulse-width-modulated Signal 
from Said converted digital Signal, and 

means for applying Said pulse-width-modulated Signal to 
Said image forming means to cause Said image forming 
means to generate each Said Scan line as a Succession 
of line-segments, the lengths of which are controlled in 
accordance with Said pulse-width-modulated Signal to 
produce a variable density line Screen from Said line 
Segments, Said line Screen comprising a plurality of 
columns of Said line Segments. 

100. An image processing apparatus according to claim 
99, wherein Said characteristic converting means includes 
means for gamma-correcting Said digital input Signal. 

101. An image processing apparatus responsive to a 
digital input Signal, Said apparatus comprising: 

raster Scanning image forming means for generating a 
Series of Successive Scan lines, 

means for digitally nOnlinearly generating a generated 
digital Signal from a digital input Signal input to Said 
apparatuS, 

means for generating a pulse-width-modulated Signal 
from Said generated digital Signal, and 

means for applying Said pulse-width-modulated Signal to 
Said image forming means to cause Said image forming 
means to generate each Said Scan line as a Succession 
of line-segments, the lengths of which are controlled in 
accordance with Said pulse-width-modulated Signal to 
produce a variable density line Screen from Said line 
Segments, Said line Screen comprising a plurality of 
columns of Said line Segments. 

102. An image processing apparatus according to claim 
101, wherein Said nonlinear generating means includes 
means for gamma-correcting Said input Signal. 

103. In a pixel recording pulse Signal generation method 
in which tone data Signals representing respective pixels of 
an image are transformed into respective pixel recording 
pulse Signals each having a time width proportional to the 
value of the respective tone data Signal, and in which Said 
pixel recording pulse Signals are used to print respective 
dots in respective pixels along Scanning lines to reproduce 
Said image, wherein Only One dot is printed in each pixel of 
the reproduced image, the improvement wherein the pixels 
along each Scanning line of the reproduced image are 
divided into pairs of adjacent pixels, each pair consisting of 
a first pixel and a second pixel which Succeeds the first pixel, 
and wherein the end of the pixel recording pulse correspond 
ing to the first pixel is made to coincide with the beginning 
of the pixel recording pulse Signal corresponding to the 
Second pixel, thus causing the dots printed in the first and 
Second pixels to be contiguous over the boundary in the first 
and Second pixels. 

104. A Scanning recording type printing device compris 
ing. 
memory means for Storing tone data Signals for a Scan 

ning line, 
means for generating a triangular comparison data Sig 

nal for each of a plurality of pairs of pixels of an image 
to be recorded 

means for comparing Said Stored tone data Signals with 
Said comparison data Signal and for generating a pixel 
recording pulse based On the comparison, 

a Semiconductor laser circuit for producing laser light 
based On Said pixel recording pulse Signal, 
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means for recording an image corresponding to Said pixel 
recording pulse Signal On a recording medium by 
Sweeping Said laser light acroSS Said recording medium 
in a Scanning direction to record a dot in each of Said 
plurality of pixels, and 

timing treatment means for controlling Said memory 
means, Said comparison data Signal production means, 
Said pixel recording pulse Signal production means and 
Said image recording means Such that no interruptions 
in the Scanning direction exist between dots in first Ones 
of Said plurality of pixels and dots in respective Suc 
ceeding Ones of Said plurality of pixels thereby produc 
ing dots which are continuous in the Scanning direction 
across the boundaries of the Said first and Succeeding 
pixels, wherein each of Said plurality of dots has a 
width in a direction perpendicular to the Scanning 
direction that is COinStant and a length in the Scanning 
direction that is proportional to a respective One of Said 
tone data Signals. 

105. A Scanning recording type printing device compris 
ing. 
memory means for Storing tone data Signals for a Scan 

ning line, 
means for generating a triangular comparison data Sig 

nal for each of a plurality of pairs of pixels of an image 
to be recorded 

means for comparing Said Stored tone data Signals with 
Said comparison data Signal and for generating a pixel 
recording pulse based On the comparison, 

a Semiconductor laser circuit for producing laser light 
based On Said pixel recording pulse Signal, 

means for recording an image corresponding to Said pixel 
recording pulse Signal On a recording medium by 
Sweeping Said laser light acroSS Said recording medium 
in a Scanning direction to record a dot in each of Said 
plurality of pixels, and 

timing treatment means for controlling Said comparison 
data Signal production means, Said pixel recording 
pulse Signal production means and Said image record 
ing means Such that no interruptions in the Scanning 
direction exist between dots in first Ones of Said plu 
rality of pixels and dots in respective Succeeding OneS 
of said plurality of pixels thereby producing dots which 
are continuous in the Scanning direction acroSS the 
boundaries of the Said first and Succeeding pixels, 
wherein each of Said plurality of dots has a width in a 
direction perpendicular to the Scanning direction that 
is constant and a length in the Scanning direction that 
is proportional to a respective One of Said tone data 
Signals. 

106. A Scanning recording type printing method in which 
an image is printed by printing a dot in each of a plurality 
of pixels of the printed image, wherein the length of each dot 
in a Scanning direction is proportional to respective tone 
data Sampled from an Original image and the widths of each 
dot in a direction perpendicular to the Scanning direction is 
constant, Said method comprising the Step of 

locating dots within Selected pixels in a Scanning line of 
the printed image such that the dots in the Selected 
pixels are printed at Second ends of the Selected pixels, 
Said Second ends of Said Selected pixels being adjacent 
to first ends of respective Succeeding pixels, wherein no 
interruptions in the Scanning direction exist between 
the dots in the Selected pixels and dots in the respective 
Succeeding pixels. 

107. A Scanning type printing method according to claim 
106, wherein Said selected pixels in Said Scanning line 
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comprise Odd-numbered pixels in Said Scanning line and the 
Succeeding pixel comprises even-numbered pixels in Said 
Scanning line. 

108. A Scanning type printing method according to claim 
106, wherein Said selected pixels in Said Scanning line 
comprise even-numbered pixels in Said Scanning line and the 
Succeeding pixels comprise Odd-numbered pixels in Said 
Scanning line. 

109. A Scanning recording type printing device compris 
ing. 
memory means for Storing tone data Signals for a Scan 

ning line, 
means for generating a triangular comparison data Sig 

nal for each of a plurality of pairs of pixels of an image 
to be recorded 

means for comparing Said Stored tone data Signals with 
Said comparison data Signal and for generating a pixel 
recording pulse based On the comparison, 

a Semiconductor laser circuit for producing laser light 
based On Said pixel recording pulse Signal, 

means for recording an image corresponding to Said pixel 
recording pulse Signal On a recording medium by 
Sweeping Said laser light acroSS Said recording medium 
in a Scanning direction to record a tone dot in each of 
Said plurality of pixels, and 

timing treatment means for controlling Said memory 
means, Said comparison data Signal production means, 
Said pixel recording pulse Signal production means and 
Said image recording means Such that tone dots within 
Selected pixels in a Scanning line of the recorded image 
are recorded at Second ends of Said Selected pixels, Said 
Second ends of Said Selected pixels being adjacent to 
first ends of respective Succeeding pixels, wherein Said 
tone dots have a constant width in a direction perpen 
dicular to the Scanning direction that is constant and 
each tone dot has a length in the Scanning direction 
that is proportional to a respective One of Said tone data 
Signals. 

110. A Scanning recording type printing device according 
to claim 109, wherein Said Selected pixels in Said Scanning 
line comprise Odd-numbered pixels in Said Scanning line and 
the Succeeding pixel comprise even-numbered pixels in Said 
Scanning line. 

111. A Scanning recording type printing device according 
to claim 109, wherein Said Selected pixels in Said Scanning 
line comprises even-numbered pixels in Said Scanning line 
and the Succeeding pixels comprise Odd-numbered pixels in 
Said Scanning line. 

112. A Scanning recording type printing device according 
to claim 109, further comprising means for controlling a 
Screen angle at which the tone dots are recorded by con 
trolling Said comparison data Signal production means. 

113. A Scanning recording type printing device compris 
ing. 
memory means for Storing tone data Signals for a Scan 

ning line, 
means for generating a triangular comparison data Sig 

nal for each of a plurality of pairs of pixels of an image 
to be recorded 

means for comparing Said Stored tone data Signals with 
Said comparison data Signal and for generating a pixel 
recording pulse based On the comparison, 

a Semiconductor laser circuit for producing laser light 
based On Said pixel recording pulse Signal, 

means for recording an image corresponding to Said pixel 
recording pulse Signal On a recording medium by 
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Sweeping Said laser light acroSS Said recording medium 
in a Scanning direction to record a tone dot in each of 
Said plurality of pixels, and 

timing treatment means for controlling Said comparison 
data Signal production means, Said pixel recording 5 
pulse Signal production means and Said image record 
ing means such that tone dots within Selected pixels in 
a Scanning line of the recorded image are recorded at 
Second ends of Said Selected pixels, Said Second ends of 
Said Selected pixels being adjacent to first ends of 
respective Succeeding pixels, wherein Said tone dots 
have a constant width in a direction perpendicular to 
the Scanning direction that is COinStant and each tone 
dot has a length in the Scanning direction that is 
proportional to a respective One of Said tone data 
Signals. 

114. A Scanning recording type printing device according 
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to claim 113, wherein Said Selected pixels in Said Scanning 
line comprise Odd-numbered pixels in Said Scanning line and 
the Succeeding pixel comprise even-numbered pixels in Said 
Scanning line. 

115. A Scanning recording type printing device according 
to claim 113, wherein Said Selected pixels in Said Scanning 
line comprise even-numbered pixels in Said Scanning line 
and the Succeeding pixels comprise Odd-numbered pixels in 
Said Scanning line. 
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116. A Scanning recording type printing device according 
to claim 113, further comprising means for controlling a 
Screen angle at which the tone dots are recorded by con 
trolling Said comparison data Signal production means. 3O 

117. A Scanning recording type printing method in which 
an image is printed by printing a dot in each of a plurality 
of pixels of the printed image, wherein the length of each dot 
in a Scanning direction is proportional to respective tone 
data Sampled from an Original image and the width of each 
dot in a direction perpendicular to the Scanning direction is 
constant, Said method comprising the Steps of 

35 

locating Second ends of first pixels and Second ends of 
dots in Said first pixels in coincidence with each other, 
and locating first ends of respective Second pixels 
Succeeding Said first pixels in a Scanning line and first 
ends of dots in Said Second pixels in coincidence with 
each Other Such that no interruptions in the Scanning 
direction exist between Said dots in Said first pixels and 
Said dots in Said Second pixels, thereby causing the 
printed image to have One continuous dot per pair of 
pixels; Or 
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locating first ends of first pixels and first ends of dots in 
Said first pixels in coincidence with each other and 
locating Second ends of respective Second pixels Suc 
ceeding Said first pixels in a Scanning line and Second 
ends of dots in Said Second pixels in coincidence with 
each Other Such that no interruptions in the Scanning 
direction exist between white areas without Said dots 
recorded within Said first pixels and white areas with 
Out Said dots recorded within Said Second pixels, 
thereby causing the printed image to have One continu 
OuS white area per pair of pixels. 

118. A method according to claim 103, wherein Said pixel 
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recording pulse Signals are formed based On the tone data 
Signals and a comparison data Signal. 
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119. A method according to claim 118, wherein Said 

comparison data Signal is a triangular comparison Signal 
for each of a plurality of pairs of pixels of an image to be 
recorded. 

120. A method according to claim 103, wherein the tone 
data Signals are Obtained by characteristic-conversion of an 
input digital video Signal. 

121. A method according to claim 118, wherein Said pixel 
recording Signals are Obtained using a Signal Obtained by 
analog-conversion of the tone data Signals. 

122. An image processing apparatus operable in conjunc 
tion with a photoSensitive member, Said apparatus compris 
ing. 

digital video Signal generating means for generating a 
digital video Signal having a characteristic, 

characteristic conversion means for converting the char 
acteristic of the digital video Signal generated by Said 
digital video Signal generating means to generate a 
characteristic-converted digital video Signal, and 

electro-photographic System image forming means for 
forming an image by line-Scanning Said photoSensitive 
member with an optical beam in accordance with the 
characteristic-converted digital video Signal, 

Said characteristic conversion means comprising chang 
ing means for periodically changing a plurality of 
gamma-conversion characteristics for converting the 
digital video Signal, during formation of an image, and 
Said plurality of characteristics are Set SO that a change 
in characteristics among the plurality of gamma 
conversion characteristics in a light area of an image 
may be greater than that in a dark area of an image. 

123. An apparatus according to claim 122, wherein Said 
changing means is arranged SO as to change Said gamma 
conversion characteristics according to line-Scanning by 
Said image forming means. 

124. An image processing apparatus, comprising: 
video Signal input means for inputting a digital video 

Signal capable of representing a gradation level with a 
plurality of bits for each pixel of an image, 

pattern Signal generating means for generating a plural 
ity of different pattern Signals, each of which may have 
One of a plurality of different periods, 

Selection means for Selecting One of the plurality of 
periods of the pattern Signal generated by the pattern 
Signal generating means, 

pulse-width modulated Signal generating means for gen 
erating a pulse-width modulated Signal having a pulse 
width corresponding to a gradation level of the digital 
video Signal input by Said digital video Signal input 
means based On the digital video Signal and a pattern 
Signal generated by Said pattern Signal generating 
means, and 

image forming means for forming an image in accordance 
with the pulse-width modulated Signal generated by 
Said pulse-width modulated Signal generating means. 

125. An apparatus according to claim 124, wherein at 
leaSt One of the periods of Said pattern Signal generated by 
Said pattern Signal generating means corresponds to a 
plurality of pixels of Said digital video Signal. 


